Perceptual multistability refers to cases where perception alternates between two or more interpretations of an unchanging sensory stimulus. In a first experiment we trained eight pigeons to discriminate horizontal and vertical apparent motion stimuli and then presented a multistable display. In five cases their behavior showed alternations similar to human experiments. In a second experiment we varied the aspect ratio of the display in order to support the hypothesis of a percept-driven nature of the switching behavior. The pecking rates and mean phase durations varied as predicted. This is the first evidence of visual multistability in animals confronted with classical ambiguous figures. The data suggest a stochastic mechanism.
Introduction
Multistable stimuli such as the famous Necker cube lead to perceptual switching between two or more interpretations of an objectively unchanging stimulus. Because research on this phenomenon helps to identify purely endogenous dynamics of perceptual processes, it has become an intensively investigated paradigm in the field of visual neuroscience (Ramachandran & Anstis, 1985 ; Basar-Eroglu, Strü ber, Kruse, Basar & Stadler, 1996; Crick, 1996; Leopold & Logothetis, 1996 Kleinschmidt, Buchel, Zeki & Frackowiak, 1998; Lumer, Friston & Rees, 1998 ). This does not hold for animals, however, especially not for non-mammals, like avians. With the exception of investigations of binocular rivalry in monkeys (Logothetis & Schall, 1989; Leopold & Logothetis, 1996) and cats (Sengpiel, Blakemore & Harrad, 1995) there are no reports on animal perception of other multistable stimuli such as the classical reversible figures. Hence we do not know how their visual systems deal with such ambiguous situations and how they resolve them 1 . On the other hand, such knowledge would provide evidence that could help to answer still open questions concerning the causes for such perceptual reversals.
The classical account for perceptual multistablity postulates, that satiation, adaptation or neural fatigue, is responsible for the reversals 2 (Kö hler & Wallach, 1944; Cohen, 1959; Babich & Standing, 1981; Toppino & Long 1987) : The neural detector of the temporarily manifest percept loses activation due to satiation or adaptation while the detector of the latent percept recovers and gains strength. At a certain point their relative activation is reversed, thus leading to the perceptual reversal. Some empirical findings supporting this view are: (1) The possibility of pre-adaptation: If a 1 Recently Saberi, Takahashi, Farahbod and Konishi (1999) have investigated the psychophysics and neural mechanisms of ambiguous auditory stimuli in owls. Mislocations occur because the interaural temporal cross correlation of pure tones in contrast to tones with a high frequency bandwidth lead to several possible solutions. This is a case of ambiguity without multistability because stimuli do not lead to perceptual reversals but to constant perceptual illusions. The sound sources are mislocalized in a stable way.
2 Most authors do not distinguish between neural satiation, adaptation or fatigue. As all three possibilities may be compatible with the given data the terms are used interchangably. * Corresponding author. stable or highly biased stimulus leading to only one of the possible percepts is presented directly before the multistable stimulus the probability of seeing that alternative is decreased (Hochberg, 1950) . (2) The increase in rate of apparent change (RAC) as a function of presentation duration (Brown, 1955; Cohen, 1959) . (3) The drop of RAC back to baseline after changing the retinal position of the stimulus (Babich & Standing, 1981) . It is important to differentiate two time scales of adaptation. One is the short-termed adaptation (e.g. of a neural detector) that accounts for every individual switch in the satiation model. The second time scale is a long-term increase in RAC over several periods which is based on the additional assumption that the detectors do not re-instantiate their original strength after reversal. Although often stated as evidence for satiation theory this second type of adaptation does not necessarily indicate that adaptation is responsible for the individual switches. It may rather modulate parameters of a stochastic process which itself are the actual generator of the reversals (Hock, Schö ner & Voss, 1997) 3 . Better indicators of a satiation model are: Periodic, oscillatory behavior of the process once the rate of change has stabilized (revealed by autocorrelation) and the possibility of pre-adaptation 4 . Despite the evidence for adaptation it was questioned that the perceptual reversals of ambiguous figures are the result of low-level or bottom-up processes as postulated by the satiation theory. Presenting evidence that observers fail to reverse when they lack knowledge of the ambiguity and reversibility of the pattern, Rock and his co-workers conclude, that higher order or top-down processes are necessary to experience reversals (Girgus, Rock & Egatz, 1977; Rock & Mitchener, 1992; Rock, Hall & Davis, 1994) . Observers must know, they claim, that a seen figure is ambiguous and they must know its possible perceptual interpretations. This, then, is the prerequisite to create the necessary intention to achieve a reversal. It follows, that elimination of such knowledge, for instance by using naive observers as subjects, should lead to nonreversing perceptions. This holds for the initial reversals while for following reversals they concede the influence of satiation .
Mathematical studies of the temporal dynamics of perceptual reversals suggest a stochastic type of mechanism. The distribution of phase durations can be modelled by a gamma-function which is known to describe the probability density of a sum of events of a Poisson process (Borsellino, De Marco, Allazetta, Rinesi & Bartolini, 1972; De Marco, Penengo, Trabucco, Borsellino, Carlini, Riani et al., 1977) .
The role of stochastic processes in theoretical accounts of the reversions is further stressed by evidence indicating that differential time-dependent adaptation of the perceived versus the unperceived pattern was not necessary to account for the first spontaneous switch (Hock et al., 1997) . For short presentation times made up of only a few display cycles (each including both half-frames of a multistable motion stimulus which is explained in detail below) the probability for the occurence of a switch during each cycle does not increase over time as would be predicted in the case of adaptation. The result is a switching function of the type:
where N is the number of display cycles during which the switches are counted and p 1 the probability of a switch during one display cycle. This temporal independence of switching probabilities is a typical characteristic of stochastic but not of adaptation processes: The process has no 'memory'. Hock et al. (1997) conclude that although adaptation modulates the switching process for longer display periods it is not able to account for the first switch. Other possibilities for assessment of temporal independence are for example autocorrelation and Lathrop statistics, as used also in binocular rivalry (Lathrop, 1966; Fox & Herrmann, 1967; Borsellino et al., 1972) .
The purpose of the present study was to find out whether pigeons' perception of multistable stimuli is characterized by reversals, too. Pigeons are highly visually oriented animals and the functional anatomy of their visual system is very different compared to mammals (Donovan, 1978; Emmerton, 1983a,b; Zeigler & Bischof, 1993) . If multistable perception could still be demonstrated this might indicate that it is a general property of perceptual systems found in many species. If one assumes that pigeons' visual perception is not so strongly influenced by top-down effects we also get the possibility of assessing the nature of the basic unmodulated mechanism.
We chose a multistable apparent motion display, the so-called orthogonal alternating movement (OAM, von Schiller, 1933) : Two lights are presented on two diagonally opposite corners of an imaginary square or rectangle, and alternated with the two lights on the other corners (see Fig. 1c ). In humans this produces perceptual switching between two points that apparently move vertically -though in opposite directions -and two points that move horizontally. This OAM stimulus was chosen for several reasons. First it involves a basal detection process performed by motion detectors that have already been studied in pigeons and even more in other animals and have been modelled in computational studies (e.g. Miceli, Gioanni, Repérant & Peyrichoux, 1979; Van Santen & Sperling, 1984; Adelson & Bergen, 3 E.g. adaptation may alter a threshold which has to be exceeded by stochastic fluctuations. 4 A major difficulty in assessing adaptation theory is that its propagators have not yet proposed detailed dynamical models. Most analyses have been performed on the basis of mean reversal times across certain phases rather than individual phase sequences.
1985; Newsome, Mikami and Wurtz, 1986; Grossberg & Rudd, 1989; Frost, Wylie & Wang, 1994) . Second it has been demonstrated that pigeons do see apparent motion (Siegel, 1970 (Siegel, , 1971 . Third the OAM itself has been studied extensively in human psychophysics (Hoeth, 1968; Kruse, Stadler & Wehner, 1986; Hock et al., 1997) and neural and mathematical models have been developed (Schö ner & Hock, 1995; Carmesin & Arndt, 1996) . Fourth it can easily be varied in order to favour one or the other perceptual alternative. Fifth it is non-semantic, meaning that besides the spatiotemporal pattern and the apparent motion induced it has no additional semantic interpretation as for example in the young woman-old woman pictures (cf. Strü ber & Stadler, in press) which are not just seen as a spatial arrangement of contours by humans. Thus the OAM can be regarded as 'species fair'.
Experiment 1

Subjects
Eight experimentally naive pigeons (Columba li6ia), maintained at approximately 85% of their free feeding weight served as subjects in the experiment. Water and grit was freely available.
Apparatus
A conventional operant chamber with a transparent response key was used. The key was split half to allow separate programming and recording for each side. The stimulus display unit consisted of four red light emitting diodes (LEDs, diameter 3 mm) arranged in a 15×15 mm square. It was mounted 1 cm behind the transparent response key which did not deteriorate or blur the visibility of the LEDs. Rewards (mixed grain) were delivered with a food hopper situated below the response key. The box was illuminated with a house light and all relevant events were computer controlled and registered. Two loudspeakers outside the box supplied white masking noise.
Stimuli
Two stable and one bistable sequences served as stimuli. The stable stimulus for horizontal motion S H consisted of two frames (Fig. 1a) . The first showed the left two of the four display LEDs, the second the right two. These were alternated with a frequency of 2 Hz (without interstimulus interval) which is known from humans to produce a stable percept of horizontal apparent motion. In the same way the vertical motion stimulus S V alternately showed the top and the bottom two LEDs (Fig. 1b) . The multistable stimulus was the orthogonal alternating movement (OAM) which consisted of two frames showing the diagonally opposite LEDs (Fig. 1c) . This is known from humans to produce alternations between horizontal and vertical motion percepts.
Procedure
After magazine training, pecking on the key was shaped using an autoshaping procedure. As soon as they had learned to associate key-pecking with food reward, discrimination training began. Now the birds were conditioned to discriminate between the unambiguous horizontal (S H ) and the unambiguous vertical (S V ) movement of the dot pairs. In a go/go discrimination task the pigeons were trained to peck either the right or the left side of the key depending on which of the two unambiguous movement directions was displayed 5 . For In the animal literature a discrimination task where one out of n possible stimuli is presented per trial and the animal has to decide on one out of n response keys to signal its perceptual decision is sometimes called a n-alternative forced-choice paradigm (e.g. Wasserman, Gagliardi, Cook, Kirkpatrick-Steger, Astley & Biederman, 1996) . In classical signal detection theory, however, this term is reserved for a different type of task where all n stimuli are presented either simultaneously or successively and the observer is then required to signal which of the stimuli contained the signal (Green & Swets, 1966) . In these cases the keys are used to identify serial positions or locations, not type of stimulus. To avoid confusion we use the term go/go discrimination task to distinguish it from go/no-go designs in which one of the trained responses is non-pecking. Pecking alternates between the key sides associated with horizontal (H) and vertical (V) movement directions. Bird 298 switches sides quite often whereas 114 is an example for slow switching behavior. Underneath the two error recordings from the control condition are given to demonstrate that errors are rare and do not occupy extended phases. The cumulated responses plotted at the bottom (dashed line) demonstrate the pecking continuity. from VI 45 s to VI 35 s until the side preference was extinguished.
After having reached the discrimination criterion for this stimulus arrangement (at least 90% correct responses on 2 consecutive days) we checked the use of concepts by presenting S H and S V on the basis of not four but two and three LEDs. (To achieve the three LED stimulus one randomly chosen LED per trial was simply 'turned off' as if it were covered. This resulted in a motion pattern which consisted of one LED as one frame and two LEDs as the second frame. The two LED stimulus was achieved by turning off the top or the bottom two LEDs in horizontal motion and the left or the right two LEDs in vertical motion. In both cases human observers see apparent motion.) All birds mastered this in a sufficient manner.
For purposes of counterbalancing the pigeons were divided into two groups. One group first performed the test (OAM) and then the control condition (original discrimination stimuli). The other group was run in reverse order. Both began with a 20 min warm-up phase (the last stage of the original discrimination training conditions). Then either the OAM stimulus (test) or the original discrimination stimuli (control) were presented for 30 min under conditions of extinction. After this the birds were retrained until they again reached the discrimination criterion and then tested under the other condition.
Results
In five out of eight animals we found characteristic switching behavior during the OAM-test (Fig. 2) . This was indicated by alternations of stable peck-phases to each of the two motion directions that differed significantly (Mann-Whitney U= 0; PB0.01) from the distribution of error-phases taken from control tests with unambiguous motion displays. This behavior may be an indicator of a perceptual switching process. In four out of five animals the total pecking frequency remained stable throughout the whole test and showed no initial decrease. The average number of pecks emitted during the 1800 s of test was 505.5 for the 'horizontal' and 385.2 for the 'vertical' key. Like with humans (Borsellino et al., 1972 ) the mean phase duration differed strongly among the animals (range 19.9-78.1 s; mean 41.6 s; SD= 22.0). Birds with an overall high pecking rate tended to switch more often than birds with a lower rate. The three birds that showed none or little switching behavior pecked almost continuously on one side of the key which may be explained by assuming that for them no perceptual reversals occured.
The phase durations of all five switching subjects were standardized by dividing each phase length by the individual subject's mean phase duration. These norhalf of the birds the left side was to be pecked in the presence of S H , for the other half in the presence of S V . At the beginning, correct responses were reinforced on a 3 s variable interval (VI) schedule, subsequently increasing this interval until VI 45 s was reached. The reinforcement schedules for both sides were identical, but operated independently. Pecks to the wrong side were slightly punished with a 5 s black out (both houselight and stimulus display were turned off). The average stimulus duration was 3 s at the beginning of discrimination training and was stepwise increased up to 45 s. One daily session consisted of 30 presentations of both S H and S V , in a quasi-random sequence. Occasionally occurring side preferences were corrected when the pecking rate to one side was twice as much or more than to the other side. In this case the reinforcement rate for pecking to the less preferred side was changed malized data were collected in a single distribution (Fig.  3) . In human and monkey experiments with multistable stimuli this generally follows a gamma-type probability density function (De Marco et al., 1977) :
which requires the gamma function:
A method of least squares estimation (Freund, 1992) led to parameters n= 0.96; b=1.18 that give a good fit with our data ( 2 = 13.0; df= 19; P= 0.84) but constitute a gamma function with a different characteristic than in other experiments (Borsellino et al., 1972; De Marco et al., 1977) . With human subjects one finds the parameter n\1 for which the gamma function increases strongly for small phase durations, reaches a maximum and then declines slowly. For n 1 as in our case it loses its typical initial sharp increase for small phase durations and it can be replaced by a monotonically declining single-parameter exponential function:
which gives a similarly good fit (b= 1.18; 2 =14.7; df= 19; P= 0.74). This exponential function can be interpreted to describe the probability density of phase durations between two events in a Poisson process (Freund, 1992) as for example in radioactive decay.
The stochasticity is further supported by autocorrelation statistics: Autocorrelation coefficients were computed for successive durations of horizontal and horizontal phases (lags 1-5), vertical and vertical phases (lags 1-5) and for alternating phases (lags 1-10). Neither showed any significant result thus ruling out sequential dependency and oscillatory behavior (Table 1) . For alternating phases and lag 1 this was visualized by a reversal diagram which plots sequential normalized phase durations (T N + 1 /T N ). It shows that T N + 1 cannot be better predicted by including knowledge about T N (Fig. 4) . This demonstrates that successive phases are stochastically independent, i.e. the underlying process is 'memoryless'. Lathrop statistics as a test for sequential dependency could not be computed because our data did not follow a normal distribution (Lathrop, 1966) .
In human psychophysics the strong adaptation effects occur only within the first few minutes of presentation (e.g. Cohen, 1959; Kruse, Stadler & Strü ber, 1991) . Our presentation time however was 30 min. Thus, in order to capture initial adaptation effects it is necessary to analyse the first few phases only. A problem in analyzing adaptation is that the phase durations vary largely between the animals. Nevertheless we chose the first six phases for separate analysis capturing a time between 20 (for the fastest switching animal) and 434 s (for the slowest). We computed a two-factorial analysis of variance with independent variables 'percept' and 'position' and dependent variable 'normalized phase duration'. Percept means either the phases 1, 3, 5 or 2, 4, 6 (this was introduced in order to treat phases of each percept differentially). Position means the first, second and third phase out of these series. Adaptation would predict an influence of the factor 'position'. The results showed no significant influence of either percept, position or percept× position during the first six phases (Table 2) . Fig. 3 . Probability distribution of phase durations. Phase durations were first normalized for each subject separately and then collected in a single distribution (scaled to a probability distribution with an area of 1). The figure also shows the best fitting exponential probability density function. The area under an interval in the probability density function gives the probability of a phase duration falling in that interval. The best fitting gamma function (n= 0.96; b = 1.18) is virtually identical to the exponential function shown and is thus not displayed. Table 1 Mean autocorrelation coefficients across all animals over a span of ten phases show no sequential dependence T N + 1 is plotted over T N which is equivalent to a lag 1 autocorrelation of alternating horizontal and vertical phases. Overall increase in rate of apparent change (RAC) would show up as a positive correlation (long phases at the beginning are followed by long phases, short phases at the end are followed by short phases). Asymmetric periodic oscillation would in this case be indicated by two dense clouds of points that are mirror symmetrical along the 45°a xis. Symmetric periodic oscillation would be indicated by one dense cloud of points on the 45°axis. Here neither is the case. Rather knowledge of T N does not help to predict T N + 1 except for the rare cases of very long phases which are preceded and followed by short phases.
Could the stochastic dynamics simply reflect purely random rather than percept-driven behavior? Several observations render such a hypothesis unlikely. Besides the fact that most experiments with multistable stimuli report gamma-type distributions which indicate stochastic processes, additional observations support the assumption of a percept-driven process. First, when confronted with the OAM the animals showed no initial hesitation or irritation which would lead to decreased pecking rates. Second, the pecking rate remained stable throughout the whole 30 min of the test (Fig. 2, bottom lines) which would not be expected for exploratory or random behavior. Third, prior to the presentation of the multistable display the use of concepts was secured.
However it seemed necessary to explicitly test the hypothesis that the switching was percept-driven and not random. This was the aim of our next experiment. It is known from human studies of orthogonal apparent motion that changes in the aspect ratio of the configuration, i.e. the ratio of horizontal to vertical distance of the dots, biases the perception in a specific way (Hoeth, 1968) : If horizontal distance is increased subjects are more likely to see vertical motion and vice versa. If animals responded in a similar way this would present strong evidence for percept-driven rather than random behavior.
It would further be of interest how such a variation influences the behavior of those birds which did not switch in the first experiment. One could hypothesize that this non-switching results from a similar bias, too. In this case they only perceive one type of motion direction with the square stimuli. A variation in the aspect ratio may take them away from a stable interpretation into a parameter range which produces perceptual reversals.
Experiment 2
Subjects
The eight birds from experiment 1 served as subjects, again deprived to approximately 85% of their free feeding weights. Two animals dropped out during the second experiment and had to be excluded from further analysis.
Apparatus
The same apparatus as in experiment 1 was used except for the stimulus display unit. This now consisted of a matrix of 16 × 16 LEDs (diameter 2 mm on a 2.5×2.5 mm grid), four out of which could be chosen to display the stimulus pattern allowing the realization of different distances and aspect ratios. 
Discussion
The results show that pigeons do exhibit reversing behavior similar to humans with the OAM display. The mechanism underlying the reversal is most likely of a stochastic nature, but with different parameters as in humans and monkeys. We found no evidence for satiation theory: There was no increase in the rate of apparent change (RAC) during the first six phases and no oscillatory behavior. Because there was no gaze fixation in our experiments this may be an experimental artifact:
In human experiments that demonstrate adaptation effects the retinal projections and thus the detectors triggered are controlled via gaze fixation. Thus an additional modulation of the stochastic process by adaptation can not be excluded. 
Stimuli
Four arrangements were used to display unambiguous motion in discrimination training: Two square configurations (15× 15 mm, 20 ×20 mm) with aspect ratios 1, and two rectangular configurations (25× 15 mm, 15× 25 mm) with aspect ratios 1.67 and 0.6. The aspect ratio is defined as the horizontal to vertical distance of the LEDs. For the test the two rectangular positions were used to display the OAM-stimulus. The vertically biased OAM (25×15 mm) will be referred to as OAM V , the horizontally biased (15× 25 mm) as OAM H . All other parameters were set as in experiment 1.
Procedure
For retraining we reinstated the conditions of the last stage of discrimination training from experiment 1 with one type of the new unambiguous stimuli chosen quasirandomly for each session. The criterion to begin with the test sessions was again chosen at 90% correct pecks on 2 consecutive days.
Then the two biased stimulus versions were presented in the OAM-test, each for one daily session. Half of the birds first saw OAM V , the other half OAM H . After this first test, retraining was accomplished under the previous discrimination conditions until the criterion was reached again. On the following day the second OAMtest was run with the other version. The two OAM tests lasted 30 min preceded by a 20 min warm-up consisting of 12 trials reinforced/punished training with unambiguous stimuli with the same aspect ratio that was tested.
Results
As in experiment 1 the animals showed switching pecking behavior between keys associated with horizontal and vertical motion directions (Fig. 5) . For all animals the percentage of horizontal pecks was least for OAM V and most for OAM H ( (134) showed no switching under the vertical bias condition but pecked permanently on the side associated with the vertical motion direction.
In order to be able to compare the phase length changes between the two conditions on an individual basis an index was computed that gave the mean horizontal phase length divided by the mean vertical phase length (X h /X v ) for each animal under both conditions. It would be expected that this ratio would be larger for horizontally biased stimuli than for vertically biased stimuli. As can be seen in Table 4 the ratios differed for each case in the way predicted (Wilcoxon's P=0.022).
Discussion
The change of phase durations according to the bias introduced by the aspect ratio is a clear indicator of a percept-driven process. It makes random or exploratory behavior highly unlikely as a cause of the behavioral switching. The fact that one animal did not switch for a As predicted by a percept-driven process this is always smallest for vertically biased stimuli (25×15 mm), average for square stimuli and largest for horizontally biased stimuli (15×25 mm). The data for the square stimuli are taken from experiment 1.
the vertical bias but constantly pecked the key associated with vertical motion may be interpreted as the animal only 'perceiving' the vertical motion direction.
Unfortunately only one of the three non-switchers from experiment 1 remained for further analysis. This one however (no. 396) behaved as predicted from human experiments: It had switched very little with the square display and had pecked almost continuously on the side associated with horizontal motion (84.0% horizontal pecks, Table 3 ). In experiment 2 it pecked slightly more on the horizontal side for the horizontally biased OAM H (84.8%) and less for vertically biased OAM V (28.9%). This demonstrates that for this animal the square display was horizontally biased and that its behavior was percept-driven, too.
A further possible alternative explanation of the behavioral switching may refer to the training parameters: The average phase duration during OAM (41.6 s) in the first experiment is very similar to the average presentation time of the training stimuli (45.0 s). Thus the switching may simply be a learned behavior from the discrimination sessions. This can be ruled out, however, on the basis of two facts: (1) The averaged phase duration varied strongly between the animals (range 19.9 -78.1 s) while this was not the case for presentation time (range 35-55 s). (2) The average phase durations in experiment 2 had averages of 67.4 (OAM V ) and 104.0 s (OAM H ) although the discrimination training had the same parameters as in experiment 1. This makes it implausible that the behavioral switches can be explained by such a simple learning hypothesis.
General discussion
This is the first behavioral evidence of multistability in animals viewing ambiguous figures. Our data show that pigeons switch between two different perceptual states, when they are confronted with an OAM-pattern. The fact that pigeons, too, show multistable behavior in visual perception, extends the evidence for visual multistability beyond mammals into avians thus making it likely to be a general property of perceptual systems. Our data suggest a stochastic mechanism: If a stimulus is designed to trigger two mutually inhibitory neural detector systems to about the same strength, stochastic fluctuations in the neural activation alternately enhance one of the systems' activation and thus lead to switching between the two percepts. The exact nature of the fluctuations is not known and is not further discussed in other studies 6 . Some results are similar to what is found in humans, e.g. the large variance in switching rate. Others are different: With our pigeons we do not find the usually observed sharp initial increase in the gamma function. A major difference of our data when compared to humans is the lack of adaptation effects as would be a This is constantly larger for horizontally biased stimuli as predicted by a percept-driven process. 6 Both psychophysical and neurobiological studies have neglected the question as to which kind of neural dynamics may lead to exactly this kind of stochastic rather than periodic time series. For multistable figures there is no single-cell data available. For binocular rivalry which follows the same type of perceptual dynamics a lot of work has been done on localization. But there have been no attempts at linking the stochasticity to dynamic properties of single neurons. This is not a trivial question: How does Poissonian single-cell behavior lead to Poissonian dynamics of whole detector circuits? This cannot be simply resolved by reference to (e.g.) the stochastic nature of single spike trains in neurons (cf. Softky & Koch, 1993; Shadlen & Newsome, 1998). manifested in periodic oscillations and increases in rate of apparent change (RAC) over time. The whole series showed no periodic oscillation and the first phases lacked adaptation effects. This lack may be due to our specific experimental design in which there was for example no head or gaze fixation as in human experiments. In order to respond the pigeons had to move their heads back and forth, and occasionally they turned their heads and fixated the display laterally rather than frontally which would counteract adaptation. Thus, our specific design makes it difficult to estimate the influence of additional adaptation effects.
The causes for the observed differences in the stochastic parameters are not quite clear. It may be a consequence of the different architecture of the pigeon's visual system compared to primates. According to Schimazu and Karten (1993) the phylogenetical lines of birds and mammals departed from each other ca. 280 million years ago and have evolved independently since then. This has lead to a different functional architecture. While avians have a dominance of the tectofugal visual pathway mammals are characterized by a dominance of the thalamofugal (or geniculostriate) pathway. Information from the frontal visual field (as in our experiment) is mainly processed in the tectofugal system as shown in electrophysiological recording and in retrograde tracing studies (Miceli et al., 1979; Remy & Gü ntü rkü n, 1991) . In birds motion selectivity has been shown for both pathways (Miceli et al., 1979; Frost et al., 1994) . This makes it likely that the tectofugal system is involved in perceptual switching in pigeons.
Our results make it difficult to postulate knowledge or intention as a necessary condition for switching as in the theory of Rock et al. (Rock & Mitchener, 1992; Rock, Gopnick & Hall, 1994) . Although the animals were trained to discriminate two motion directions and could thus theoretically be ascribed knowledge about their existence they were trained on stable stimuli and not on reversible stimuli. They were experimentally naive about the bistable stimulus and so they could not have acquired any knowledge that two interpretations exist. Theories assuming higher order processes as necessary for reversals to occur are thus not supported -at least not for pigeons. This does not mean that top-down effects do not play any role in human switching processes. Rock as well as others (see Strü ber & Stadler, in press, for an overview) have clearly demonstrated such influences. However, these processes rather modulate a more general mechanism which is responsible for the reversion, than being the generator of the reversal itself.
